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Machine-type Communications

5G

eMBB

mMTC uRLLC

High 

reliability

Low 

latency

Co-

existence

>99.999% during 

1 ms

Physical layer 

latency <0.5 msshort packets

[1]: H. Ji et al., Introduction to Ultra Reliable and Low Latency 

Communications in 5G, April 2017, arXiv:1704.05565v1 [cs.IT].
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Short packet implications

• Coding limitations in finite blocklength regime

• Non-negligible control information overhead

• Considerable cost of packet detection

Metadata eMBB data packet

Metadata MTC data

[2]: G. Durisi, T. Koch, P. Popovski, Towards Massive, Ultra-Reliable, and 

Low-Latency Wireless Communications with Short Packets, March 2016, 

arXiv:1504.06526v4 [cs.IT].

[2]
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[3]: S. Nagaraj, S. Khan, C. Schlegel, M. V. Burnashev, Differential 

preamble detection in packet-based wireless networks, IEEE. Trans. 

Wireless Commun., vol. 8, no. 2, Feb. 2009.

[3]

4



System model
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• Point to point

• Data and ACK exchange with deadline

• One-shot (no retransmission opportunity)

• Unknown packet arrival time τ

• Constant channel and known by TX & RX
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Packet structure

Superimposed sequencePreamble

sequence
Data

Data

𝑁𝑝 𝑁 − 𝑁𝑝 𝑁

𝛼

1 − 𝛼

• Zadoff-Chu detection sequences

ℛ𝑌,𝜏−𝑘 = ℜ  

𝑗=0

𝑁𝑡−1

𝑝𝑗
∗𝑌𝑗+𝜏−𝑘 > Δ

• Small 𝑁 -> finite blocklength regime

• Spherical Gaussian codebook
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• Ideal (N)ACK reception and fixed structure

• Sequential receiver operation

System model (ctd.)

Packet

  

ACK/
NACK

ACK/
NACK

D
E
A
D
L
I
N
E

False alarm
processing

NACK

Recovery time

False alarm

processing  

Packet

t

τ 

τ-k

TX

RX

𝑃𝑒 = 1 − (1 − 𝜖𝑑)(1 − 𝜖𝐷)

7



• Ideal (N)ACK reception and fixed structure

• Sequential receiver operation

System model (ctd.)

Packet

  

ACK/
NACK

ACK/
NACK

D
E
A
D
L
I
N
E

False alarm
processing

NACK

Recovery time

False alarm

processing  

Packet

t

τ 

τ-k

TX

RX

𝑃𝑒 = 1 − (1 − 𝜖𝑑)(1 − 𝜖𝐷)

Detection errors:

• False alarm

• Misdetection

Decoding error
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• PER upper bound

𝑃𝑒 ≤ Pr 𝜀FA + Pr 𝜀MD + Pr 𝜀D

Analysis
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• PER upper bound

𝑃𝑒 ≤ Pr 𝜀FA + Pr 𝜀MD + Pr 𝜀D

• False alarm

ℛ𝑌,𝜏−𝑘 > Δ, ∀𝑘 ∈ {1,… , 𝑡𝑟 − 1}

• Misdetection

ℛ𝑌,𝜏 ≤ Δ

• Decoding error

𝜖𝐷 𝑁𝑐 , 𝑃 = Q
2𝑁𝑐𝐶 𝑃 − 𝑏 +

1
2
log2 2𝑁𝑐

2𝑁𝑐𝑉 𝑃

Analysis

[4]: Y. Polyanskiy, H.V. Poor, S. Verdú, Channel coding rate in the finite 

blocklength regime, IEEE Trans. Inf. Theory, vol. 56, no. 5, April 2010.

[2], [4]
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Time-multiplexed preamble

Pr ℛ𝑌,𝜏−𝑘 > Δ = Q
Δ − 𝜇ℛ𝑌,𝐹𝐴(𝑘)

𝜎ℛ𝑌,𝐹𝐴

• A false alarm can occur at any 𝑘 ∈ 𝒮𝐹𝐴 = 1,… , 𝑡𝑟 − 1 .
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Superimposed sequence
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Packet structure optimization
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Numerical results

𝑏 = 128, 𝑁 = 257, 𝑡𝑟 = 1.1𝑁

preamble

superimposed
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Optimal vs. pragmatic approach

𝑏 = 128, 𝑅𝑒𝑓𝑓 =
𝑏

𝑁
, 𝑡𝑟 = 1.1𝑁

Optimal SI

Optimal preamble

Pragmatic preamble
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Conclusion and further work

• Include ACK error probability and ACK 

structure

• Improve detection metric to take into account 

the received signal energy

• Showcase the importance of 

considering overhead when 

transmitting short packets

• Compared two packet structures

• Provided an upper bound and an 

approximation for evaluating short 

packet error probability
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